Using a farm household data from 3 agroecological zones of Ghana, this paper investigates the causal relationship between the adoption of improved maize variety and technical efficiency or productivity. The empirical results show a positive relationship between the adoption of improved maize variety and technical efficiency or productivity of farmers in the Semi-deciduous forest and Guinea Savannah zones. Generally, adopters of improved maize variety are about 6% to 8% more efficient than non-adopters. The estimated percentage increase in productivity due to the adoption of improved maize variety is about 53%. In the Semi-deciduous forest agroecological zone, adopters of improved maize variety are about 25% to 36% more efficient than non-adopters whilst in the Guinea Savannah agroecological zone, adopters of improved maize variety are about 15% to 26% more efficient than non-adopters. The estimated percentage increase in productivity due to adoption of the improved maize variety is about 8% in the Semideciduous forest zone and about 11% in the Guinea Savannah zone. The impact of adoption on technical efficiency in the Transitional zone is however negative. Adopters of improved maize variety are 7% to 8% less efficient than nonadopters and the estimated percentage decrease in productivity due to adoption of the improved maize variety is about 15%. Food safety net policies should pay attention to increased development and dissemination of improved crop varieties suitable to different agroecological zones.
INTRODUCTION
Improving agricultural productivity has always been a major policy goal in Ghana and in most parts of subSaharan Africa. This has gained increasing significance over the last two decades, partly because of chronic food insecurity. Low agricultural productivity and food insecurity are partly due to inefficiency of resource-use in agricultural production and low adoption rates of improved agricultural technologies or crop varieties (Doss and Morris, 2001; Doss, 2006). Agriculture still employs about 60 percent of the economically active population in Ghana (ISSER, 2010) where poverty is reported to be highest (59%) among food crop producers who find it difficult to afford, or adopt improved agricultural technologies to boost food production (Seini, 2002; GPRS, 2003) .
In Ghana, maize remains the number one staple food crop with domestic production and demand increasing over the years (ISSER 2010) from an average of 296,700 tonnes per year in 1977-78 to over 1 million tonnes per year in 1997-98 (MoFA, 2009). The average maize yield in Ghana is estimated to be 1.7 metric tons/hectare (MOFA, 2013) . Despite an estimated achievable yield of around 6 Mt/ha, the domestic maize supply deficit is expected to average about 12 percent (MoFA, 2013). The adoption of improved maize varieties is critical for improving productivity and overall output to meet the increasing domestic demand.
The adoption of improved crop varieties and improvement in resource-use efficiency in agricultural production have been widely advocated as policy measures required to improve the productivity levels, increase the overall food production and contribute to reducing hunger and malnutrition in Ghana (Doss, 2006). Improved crop varieties are high yielding and disease or pest resistant (or tolerant) crops with high nutritional quality and low input requirements. The Council for Scientific and Industrial Research (CSIR) and its affiliate institutions such as the Food Research Institute (FRI) and the Crop Research Institute (CRI) develop and release improved crop varieties to farmers in Ghana. Notably, an improved maize variety known as "Obatanpa" was released to farmers in the mid-1990s, with the aim of improving the yields and household food security of the farmers (Ragasa et al., 2013) . Found to be the best amongst the improved maize varieties, the Government of Ghana (GoG), the Ministry of Food and Agriculture (MoFA) and the Canadian International Development Agency (CIDA) under the Ghana Grains Development Project (GGDP) have advocated its dissemination and adoption over the past two decades.
The food production potentials of different agroecological zones in sub-Saharan Africa have been widely documented (Adiku et Despite the possible impacts of agroecological zones on technology adoption and resource-use efficiency, farmers tend to be treated as if their constraints and opportunities in the different agroecological zones are similar. Improved technological packages may be similar but they are often targeted at farms and communities with different agroecological conditions where different levels of infrastructural development and human capital exist. Ignoring the agricultural production environments of smallholder farmers and their implications on resource allocation and productivity could be misleading (Langyintuo and Mekuria, 2008) . As noted by Sherlund et al. (2002) , agricultural production that neglects heterogeneity in environmental conditions could result in omitted variables bias in the estimation of the parameters of the production frontier.
Studies that have examined the impacts of adoption of improved technologies on household welfare have been widely documented (Becerril and Abdulai, 2010; Suri, 2011). Moreover, the empirical literature on adoption decisions of smallholder farmers (e.g., did not pay much attention to the relationship between adoption and farm efficiency. The current paper contributes to expanding the literature on adoption of new technologies and efficiency by examining the direct impacts of adoption of improved maize variety on technical efficiency and productivity, using a sample of farm households from three different agroecological zones of Ghana. The paper is relevant in a sense that besides throwing more light on the relationship between adoption and farm efficiency, the influence of agroecological conditions on productivity and efficiency of adoption by farm households is examined.
In this paper, we employ the stochastic frontier model in the empirical analyses to examine farm efficiency, and the propensity score matching (PSM) approach to analyse the impact of adoption on farm technical efficiency and also control for possible selfselection that normally arises when technology adoption is not randomly assigned. The paper generally finds a positive relationship between adoption of improved maize variety and technical efficiency or productivity of farmers in the Semi-deciduous forest and Guinea Savannah zones but significant negative impact of adoption on technical efficiency in the Transitional zone. The remainder of the paper is organized as follows: Section 2 briefly reviews literature on adoption of improved maize variety in Ghana. Section 3 outlines the conceptual framework on adoption of the improved maize variety, the impact of adoption on efficiency using the propensity score matching approach and the computation of technical efficiency with the stochastic frontier model. Section 4 presents the data employed in the empirical analyses. Section 5 discusses the empirical results. The final section provides some concluding remarks.
Adoption of improved maize variety in Ghana
Maize is the most important cereal crop in Ghana (Alderman and Hingis 1992; Morris et al., 1999;
MoFA. 2009).
It is grown by a vast majority of rural households in almost all parts of the country. The cropping systems and production technologies of maize however vary in the six agroecological zones of Ghana. These agroecological zones are the Sudan Savannah and the Guinea Savannah in the North, the Coastal Savannah in the South, the Semi-Deciduous and Evergreen Forest (High Rainforest) zones in the South and the Transitional zone, which is sandwiched between the Guinea Savannah and the Semi Deciduous Forest zones.
The Guinea and Sudan Savannah zones have a single rainy season in April or May where maize is grown on permanently cultivated fields located close to homesteads, as well as in more distant plots (Morris et al, 1999). Sorghum and millet are the dominant cereals in the Sudan and Guinea Savannah zones but maize is intercropped with small grains, groundnut, and/or cowpea. A major constraint to maize production in the Sudan Savannah zone is the hostile agroecological environment such as irregular rainfall pattern, soil infertility and periodic drought (Whitehead, 2006) . The mean annual rainfall in the forest zones is about 1,500 mm where maize is planted in both the major (March) and the minor (September) rainy seasons usually on scattered plots and intercropped with cassava, plantain, and cocoyam. The transitional zone also has a bimodal rainfall and predominantly deep and friable soils, and relatively sparse tree cover that allow maize to be planted as a monocrop or intercropped with yam and/or cassava.
Various institutions and organizations are involved in the release, transfer and adoption of improved maize varieties in Ghana. Between 1979 and 1998, over twelve improved maize varieties were released to farmers by the Council for Scientific and Industrial Research (CSIR) under the Ghana Grains Development Project (GGDP) funded by the Government of Ghana (GoG) and the Canadian International Development Agency (CIDA). Some of the improved maize varieties released to farmers include "Abeleehe", "Aburotia", "Dobidi", "Dorke", "Golden Crystal", "Mamaba", "Obatanpa", "Okomasa" and "Safita" (Morris et al., 1999). Four improved varieties, including, "Aziga", "Golden Jubilee", "Akposoe" and "Etubi" were then released in 2007. Five hybrid varieties, including, "Mamaba", "Cidaba", "Dadaba", "Etubi", and "Enibi" were released by the Crop Research Institute (CRI) and Savannah Research Institute (SARI) in 2010. Another six varieties namely, "Aseda", "Opeaburoo", "Tintim", "Nwanwa", "Odomfo" and "Honampa" were released in 2012 (Ragasa et al., 2013) . Although these recent releases of improved maize varieties have occurred in Ghana, the "Obatanpa" variety continues to be the most popular not only in Ghana but in other countries in sub-Saharan Africa as well because of its medium-maturing open-pollinated characteristics and its adaption to the growing conditions in the lowland tropics (Sallah et al. 2003 
CONCEPTUAL FRAMEWORK
This section presents a simple framework on adoption of improved maize variety, and how the impact of adoption on technical efficiency or productivity can be captured using the propensity score approach. Computation of technical efficiency scores with stochastic frontier model is then discussed.
Self-selection into adoption of improved maize variety
Following the literature on adoption decisions of agricultural households, it is assumed that the adoption of improved maize variety is a dichotomous choice, where the improved variety is adopted, if the net benefits from adopting the improved variety are greater than that from non-adoption. The difference between the net benefits from adoption and non-adoption may be denoted as  is an error term assumed to be normally distributed. The probability of adoption of the improved maize variety can be represented by Eq. 2.
where H From the treatment equation (1) and the outcome equation (3), the relationship between adoption of the improved maize variety and technical efficiency or productivity may be interdependent, resulting in selection bias. The implication of this is that treatment assignment is not random, with the group of adopters being systematically different. Selection bias normally occurs if unobservable factors influence both error terms in the adoption specification (µi) and the technical efficiency or productivity equation (ξi), resulting in correlation of the error terms in the two specifications. The error terms of the treatment and the outcome variables then become correlated such that ( , )
standard regression technique such as OLS applied to the regression models produces biased results. The problem of self-selection can be overcome by employing statistical matching approach, which involves the pairing of adopters and non-adopters of the improved maize variety with similar observable characteristics (Dehejia and Wahba, 2002).
Stochastic production frontier
As indicated previously, computation of technical efficiency scores is done with the stochastic frontier model, which can be specified as Eq. 4. Given that several farmers in the sample were subsistence farmers, we chose to estimate only technical efficiency, since the specification of allocative efficiency could result in biased estimates. As argued by Barrett (1997), allocative efficiency estimates tend to overstate the inefficiency of remote farms or others facing substantial transaction costs since their shadow prices are free to deviate more from an allocative efficiency benchmark based on market prices than will those of persons participating in the market.
where Q represents the yield, X denotes the factors of production and  represents the unknown parameters to be estimated. The ' vs are assumed to be independent and identically distributed random errors having The output-oriented measure of farmer specific technical efficiency is the ratio of observed output to the corresponding stochastic frontier output (Battese and Coelli, 1988). A producer who is technically efficient is able to avoid waste of inputs by producing as much output as the inputs under the current state of technology. The allocative efficiency refers to the ability of the producer to obtain an optimal allocation of the inputs available at the prevailing output and input prices (Tzouvelekas et al., 2001 ).
Since the output is expressed in natural logarithm, the technical efficiency is defined as Eq. 5.
exp( )
To predict farmer-specific technical efficiency after the frontier has been fitted to the data, we disentangle the The propensity score matching technique To examine the direct causal effect of adoption of improved maize variety on technical efficiency or farm productivity, the propensity score matching approach is employed. As indicated previously, the advantages of using the propensity score matching model is to control for self-selection bias that arises when adoption of improved maize variety is not randomly assigned. Moreover by using propensity score matching, we assume that both adopters and non-adopters of improved maize variety have similar characteristics. Therefore we are able to avoid the possible reverse causality between adoption of improved maize variety and farm household technical efficiency or productivity.
The propensity score () pZ is the conditional probability of adopting the improved maize variety, given pre-adoption characteristics (Rosenbaum and Rubin, 1983). Thus (Eq. 7)
where
is the indicator of exposure to adoption of the improved maize variety and Z is the vector of pre-adoption characteristics. The estimated propensity scores are used to estimate the Average Treatment Effect on the Treated (ATT), which is the parameter of interest as in Eq. 8. For efficient and unbiased estimates, the balancing property and the Conditional Independence Assumption (CIA) of the propensity score matching shouldn't be violated. Testing for the balancing property ascertains if household behaviour within each group is actually similar. The Conditional Independence Assumption (CIA) propound that once the set of observable characteristics, are controlled for, the adoption of improved maize variety is random and uncorrelated with the technical efficiency or productivity of the farmer. A further requirement is the common support condition which requires that persons with the same values of covariates Z have positive probabilities of being both adopters and non-adopters (Heckman et al., 1999) . Thus, all individuals in the common support region actually can exist in all states ( 0 (
Data Description
The data employed in this paper were collected from 453 maize farm households comprising of 151 farmers each in the Semi-deciduous Forest, the Transitional and the Guinea Savannah agroecological zones of Ghana in 2009. A three-stage sampling procedure was used in the study. In the first stage, Bekwai Municipality (located in the Semi-deciduous forest), Nkoranza district (located in the Transitional zone) and Gushiegu district (located in the Guinea Savannah zone) were randomly selected from all the districts with high levels of maize production. This was followed by a random selection of 9 villages from the Bekwai Municipality, 8 from Nkoranza district and 9 from the Gushiegu district. In the third stage, 151 maize farmers were randomly sampled from each of the 3 selected agroecological zones. In addition to the 41 sampled farmers from Bekwai town, 15 farmers each were selected from the rest of the 9 sampled communities in the Bekwai Municipality. In addition to 46 sampled farmers from Nkoranza town, 15 farmers each were selected from the rest of the 8 sampled communities in the Nkoranza District. Also in addition to 31 sampled farmers from Gushiegu town, 15 farmers each were selected from the rest of the 9 sampled communities in the Gushiegu District. The farmers were randomly sampled with the assistance of Agricultural Extension Agents (AEAs) from the Ministry of Food and Agriculture (MoFA) and crop breeders from the Crop Research Institute (CRI) in Kumasi, Ghana, who provided a list of maize farm households in the sampled communities. Structured questionnaires comprising of individual and household, and farm-specific characteristics, institutional and environmental factors and location-specific characteristics were used to solicit the relevant information for the study. Input-output data for the stochastic frontier model comprised of quantity and cost of inputs such as land, labour, fertilizer and seed, and quantity of maize produced in 2009.
Adoption of improved maize variety was measured as a dummy variable indicating 1 if the farmer adopted, and zero otherwise. The outcome variables are the predicted technical efficiencies from the stochastic frontier model and the productivity levels of the farm households measured as output (kg) per hectare (ha). Table 1 presents the descriptive statistics of the variables used in the stochastic frontier and inefficiency models for adopters and non-adopters of the improved maize variety. The significance levels suggest some differences between adopters and non-adopters with respect to household and farm-level characteristics, as well as location-specific characteristics. With regards to the outcome variables, there appear to be statistically significant differences between household productivity levels and technical efficiencies of adopters and non-adopters. However, mean differences do not account for the effect of other characteristics of farmers and cannot be taken as evidence for the specific effects of adoption. Matching should normally be based on variables that influence both treatment assignment and outcomes and are not affected by the treatment (Caliendo and Kopeinig, 2008) . Economic theory and sound knowledge of previous research and information about the institutional settings are crucial in the choice and specification of the model (Smith and Todd, 2005) . Selection of variables in this study were based on previous empirical work on the determinants of adoption of improved maize varieties (Morris et al., 1999; Doss, 2006). To control for the differential effects of the three sampled agro-ecological zones, separate models representing the Guinea Savannah zone, the Transitional zone and the Semideciduous Forest zone were estimated.
RESULTS AND DISCUSSION
The maximum likelihood estimates of the stochastic frontier production function and the inefficiency effect model for the three agroecological zones are presented in Table 2 . The estimated sigma square ( 2  ) parameters in the estimated stochastic frontier productions are significantly different from zero, indicating goodness of fit for the models and appropriateness of the normal distribution assumption. The estimated lambda (
) parameters are significantly different from zero, implying that technical inefficiency effects are significant in determining the level and variability of improved maize yield. The predicted technical efficiencies of the farmers are shown in Fig. 1 . Majority of the farmers in the Semi-deciduous Forest zone have higher predicted technical efficiencies whilst those in the Guinea Savannah zone have low technical efficiencies. The estimated mean technical efficiency for maize producers in the Semi-deciduous Forest, Transitional and Guinea Savannah agroecological zones of Ghana are 0.722, 0.826 and 0.607, respectively, indicating some differences in the technical efficiencies among the farmers across the different agroecological zones. The technical efficiency for the whole sample of farmers is 0.642. These findings suggest that agroecological conditions matter with regards to technical efficiency of farmers and that environmental and ecological conditions need to be accounted for in the estimation of technical efficiency (Sherlund et al.
, 2002; Adiku et al. 2009).
A logit model was employed in the prediction of the propensity scores. The analysis was conducted for the entire sample, and for the farmers within the Semideciduous forest, Transitional and the Guinea Savannah agroecological zones. The descriptive statistics of the variables used in the regression models as well as the results from the propensity score matching analyses are reported in Tables 3 and Table 4 , respectively. Since the propensity score only serves as a device to balance the observed distribution of covariates across the treated and untreated groups (Smith and Todd, 2005), a detailed discussion of the empirical results is not undertaken. However, variables such as education, access to credit and markets exhibit positive influence on the probability of the farmers to adopt the improved maize variety. The common support condition was imposed and the balancing property was set and satisfied in all the estimated regression models at 1% level of significance. The effects of adoption of improved maize variety on technical efficiency and productivity were estimated for the whole sample, and then for samples disaggregated according to agroecological zones (see Table 5 ). The empirical results on the average treatment effects on the treated (ATT) from the calliper (1.5), nearest neighbour (NNM) (2) and kernel-based matching (KBM) methods for the whole sample, as well as the estimates for the three agroecological zones are presented in Table 5 . Note: A positive sign of parameter indicates a negative impact on technical efficiency, and a negative sign means the reverse is true. *, ** and *** indicate statistically significant levels of 1%, 5% and 10% respectively. Source: Own calculation Also presented in Table 5 are the results from the sensitivity analysis on the critical level of hidden bias (Γ), at which the causal inference of significant adoption impact on technical efficiency and productivity may be questioned. In the semi-deciduous forest zone for example, the value of 1.10-1.15 from the caliper (1.5) matching implies that if farmers that have the same Zvector differ in their odds of adoption by a factor of 10%-15%, the significance of the impact of adoption of the improved maize variety on technical efficiency may be questionable. The mean absolute standardized bias reduction between the matched and unmatched models indicating the balancing powers of the estimations are provided in Table 6 . As shown Table 6, the standardized difference before matching is in the range of 35% and 38% for the three agroecological zones, but after matching, the standardized difference indicated substantial bias reductions within the range of 9% and 22%. We also find no systematic difference in the distribution of covariates between adopters and nonadopters of the improved maize variety. The pseudo-R2 are relatively low and the p-values of the likelihood-ratio test indicate joint significance of the regressors after matching.
The matching results for the whole sample of farmers in the first column of Table 5 generally indicate that adoption of improved maize variety exerts positive effects on technical efficiency and farm productivity. However, only the estimates from the calliper method produces statistically significant effects on both efficiency and productivity, while all three matching methods show significant impacts on productivity. The causal effects of adoption of improved maize variety on productivity measured in kg/ha are 678, 710, and 661 for the caliper, NNM and KBM respectively. The causal effect of 671kg/ha for instance suggests that yields of adopters of the improved variety are about 671kg/ha higher than non-adopters. The causal effects on the efficiency also suggest that adopters are about 6% to 8% more efficient than non-adopters. The estimated percentage increase in productivity due to the adoption of improved maize variety is on the average, 53%. These findings generally agree with the study by Morris et al. (1999) , which revealed about 88% increase in maize productivity due to the adoption of improved maize varieties in Ghana.
The results for the Semi-deciduous forest and Guinea Savannah agroecological zones in Table 5 also show that the adoption of improved maize variety exerts positive and significant impacts on technical efficiency and farm productivity, suggesting that adopters are more efficient than non-adopters. The causal effects of adoption on technical efficiency for farmers in the Semideciduous forest zone suggest that adopters of improved variety are 25% to 36% more efficient than non-adopters. The causal effects of adoption on technical efficiency for farmers in the Guinea Savannah zone suggest that adopters of improved variety are 15% to 26% more efficient than non-adopters. The estimated percentage increase in productivity due adoption of the improved maize variety in the Semi-deciduous forest zone is about 8% whilst in the Guinea Savannah zone, it is about 11%. However, the estimates for maize producers in the transition zone reveal that non-adopters of improved maize variety are more efficient than adopters. Generally, farmers in the Transitional zone who adopted improved maize variety are 7% to 8% less efficient than nonadopters. We also find that the estimated percentage decrease in productivity due to adoption of the improved maize variety in the Transitional zone is about 15%.
These results are in line with the findings of Wiredu et al. (2010), who reported a positive and significant relationship between the adoption of improved maize varieties and productivity of farmers in the Guinea Savannah agroecological zone of Ghana. The findings on agroecological effects also lend support to the study by Dermont and Tollens (2004), who found 10% yield gains from adoption of Bt maize in the tropical regions, and 5% yield gains in the temperate regions. 
CONCLUSIONS
This study investigated the impact of adoption of improved maize variety on farm technical efficiency and productivity, using a sample of farm households from 3 different agroecological zones of Ghana. A propensity score matching model was employed to account for selection bias that normally occurs when unobservable factors influence both adoption of improved maize variety and technical efficiency and farm-level productivity. By explicitly referring to the causal relationship between adoption of improved maize variety and technical efficiency and productivity, the paper seeks to address counterfactual questions that may be significant in predicting the impacts of policy changes. The results show that with the exception of the Transitional agroecological zone of Ghana, adoption of improved maize variety has a positive and robust effect on technical efficiencies and productivities of farmers. Generally, adopters of improved maize variety are about 6% to 8% more efficient than non-adopters. The estimated percentage increase in productivity due to the adoption of improved maize variety is about 53%. In the Semi-deciduous forest zone, adopters of improved maize variety are about 25% to 36% more efficient than nonadopters whilst in the Guinea Savannah agroecological zone, adopters of improved maize variety are about 15% to 26% more efficient than non-adopters. The estimated percentage increase in productivity due to adoption of the improved maize variety is about 8% in the Semideciduous Forest zone and about 11% in the Guinea Savannah zone. The impact of adoption of improved maize variety on technical efficiency or productivity is negative in the Transitional zone. Adopters of improved maize variety are 7% to 8% less efficient than nonadopters and the estimated percentage decrease in productivity due to adoption of the improved maize variety is on the average, about 15%. The findings from the study indicate that agroecological effects matter in technical efficiency and productivity of farm households regarding adoption of improved crop variety by smallholder farmers in sub-Saharan Africa.
The possible reasons behind the differences in the efficiencies and productivities in the agroecological zones may due to differences in adoption rates of the improved maize variety, input use (fertilizer, herbicide, and certified seed use) and the biophysical environment. The decreases in efficiency and productivity levels in the Transitional zone may come from the longer history of improved maize variety use compared to the other two agroecological zones. It is likely that farmers have been using other improved maize varieties they are already experienced with, in terms of agronomic and management practices. The maize farmers may have compared the "new improved" variety that did not adapt to their cropping system to the "existing improved" variety which they are already experienced with. We also find that on the average, adopters of the improved maize variety in the Semi-deciduous Forest zone tend to be more efficient than the other two agroecological zones. Over the years, extension services in that zone have been biased toward cocoa until recently when attention is being given to other crops. However, we observe lower productivity in the forest zone because the maize farmers may have presumed that their soils were fertile. As noted by Ragasa et al. (2013) , the highest proportions of fertilizer use seem to occur in the Savannah and Transitional zones compared to the Forest zone even though plots with fertilizer use tend to generate slightly higher yields than those without fertilizer in the agroecological zones of Ghana. The productivity of maize farmers in the Savannah zone is relatively lower than the overall average probably due to low fertilizer use as a result of liquidity constraints and high costs of fertilizer. Since productivity gains in the Guinea Savannah zone may be due to input use, relevant policies that aim at easing the liquidity constraints of farmers and promote the use of these inputs by the smallholder maize farmers must be pursued.
With regards to the biophysical environment, it is likely that existing varieties continued to be used because they are much adapted to the biophysical environment (particularly soil types, rainfall pattern) in the agroecological zone than the new one. Besides, maize farmers in these agroecological zones may not have been using sustainable land management systems, which may have put a lot of stress on the soils there. The findings generally indicate that the growing interest of policy makers in promoting adoption of improved maize varieties, particularly in the rural areas of developing countries is in the right direction, as maize is one of the major food staples is sub-Saharan Africa. In particular, food safety net policies should generally pay more attention to the factors that allow for increased development of new varieties of crops suitable to the different agroecological zones.
